Employing CCS technologies in the caribbean: A case study for trinidad and tobago  by Alexander, David et al.
    
 

	

 
Energy  Procedia  00 (2010) 000–000 
www.elsevier.com/locate/XXX
 
Available online at www.sciencedirect.com
GHGT-10 
Employing CCS Technologies in the Caribbean: A Case Study for 
Trinidad and Tobago 
David Alexandera, Donnie Boodlalb and Steven Bryantc* 
a,bThe University of Trinidad and Tobago, Pt. Lisas Campus, Esperanza Road, Brechin Castle, Trinidad, West Indies 
cThe University of Texas at Austin, 1 University Station C0304, Austin, TX 78712, USA 
Elsevier use only: Received date here; revised date here; accepted date here 
Abstract 
Public acceptance is one of the most critical factors affecting carbon dioxide capture and geological sequestration 
(CCS).  Of the several reasons for public skepticism towards adoption of this technology, safety and reliability are 
leading concerns.  Since the public’s environment and standard of living can be directly affected through the 
implementation of carbon capture and geological storage, it is imperative that they feel confident in the safety and 
reliability of the technology.  In addition, consumers may be expected to pay higher prices for electricity in order to 
facilitate the technology. Thus they will expect assurance that their investments are necessary and effective.  
 
Trinidad and Tobago (T&T) is one of the largest producers of fossil fuels in the Caribbean. T&T also emits 
approximately 38 million tonnes of carbon dioxide (Mt/CO2) per year.  This amount is expected to increase due to 
the growth of the manufacturing sector within the country and is projected to reach as much as 50 Mt/CO2 by 2012.  
The country’s relatively small population places T&T among the world leaders with respect to CO2 emissions per 
capita. In addition, the small island states such as T&T and the wider Caribbean are the most vulnerable to coastal 
erosion, rising sea levels and flooding due to intensive rainfall, all of which are forecast to be more severe if the 
climate grows warmer.  The communication of these factors to the public of T&T is an essential part of gaining their 
acceptance of CCS technologies as a controlling factor for carbon dioxide emissions.  
 
The public’s acceptance in T&T towards adopting geological CCS as a means of carbon dioxide emission mitigation 
is measured and reported in this paper.  Such an exercise was conducted through the application of a random survey.  
However, since it was anticipated that a majority of the population would not have any previous knowledge of the 
technology, the survey contained an integral preamble briefly outlining this technology to the prospective sample.  
In addition, the survey was constructed such that the sample was separated into two main sections, those with prior 
knowledge of the technology and those without such previous knowledge.  The results of these two factions are 
reported separately to ascertain whether prior knowledge of the technology greatly affected the eventual acceptance.  
The survey was constructed to highlight the technical, legal and economic issues. 
 
The results seem to indicate that though a greater number of participants felt that CCS was safe rather than 
dangerous (28% versus 25%) and the associated risks were known to science, a significant majority of them (90%) 
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were still very concerned about leakage and environmental issues. It should be noted too that a very large proportion 
of the population (in some cases 33%) remained uncertain about critical safety issues and this large portion was 
greater than the respondents on either the safe or dangerous side. This result seems to indicate that a greater public 
awareness and informative campaign is needed in T&T before the population can be comfortable and confident on 
their position with respect to the technology. 
 
 On the issue of funding a CCS project if needed most participants felt that this was the responsibility of either the 
government or related industries. However if they were made to pay via legislative force, most of them will comply 
(74%) but of these only a minority (18.5) was willing to comply with a 13% or greater hike in their monthly 
electricity bill.  
 
© 2010 Elsevier Ltd. All rights reserved 
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1. Introduction: 
 
With increasing realization of the potential damage of unchecked climate change, the international willingness to 
reduce rising concentrations of atmospheric carbon dioxide (CO2) is growing.  As atmospheric concentrations of 
CO2 have risen from pre-industrial levels of 280 parts per million to the current level of 372 parts per million, the 
scientific consensus has solidified that higher concentrations of CO2 in the atmosphere, combined with higher 
proportions of trapped solar radiation, are influencing the temperature of the earth’s surface [1],[2]. The issue of 
global warming has largely passed the stage of debate and has now reached a stage of deciding what action to take 
to curtail the amount of anthropogenic CO2 entering into the atmosphere.  
 
There are many climate change mitigation options that have been proposed to reduce this atmospheric carbon 
dioxide, including the use of renewable energy sources, energy efficiency improvements, reduced use of carbon 
intensive fuels, increased use of nuclear power and a new technique involving the carbon capture and storage (CCS). 
CCS in Trinidad will involve the capture of related emissions from large point sources such as the ammonia and 
methanol plants and transporting it using pipelines to long-term storage sites in geological formations.  
 
CCS will play a critical role as a mitigation option. There are demonstration projects such as the Sleipner in 
Norway, Weyburn in Canada  and In Salah in Algeria that show that this technology can be implemented with 
success. One of the critical factors to help this mitigation strategy be effective globally is making the general public 
aware of what actually occurs during storage. The reason public awareness is so important is the potential risk of 
leakage of stored CO2 [3].  Information is needed as to which factors are critically influencing the public with 
respect to this technology.  Regulators can use this information to help in promoting public acceptance of the same.  
 
Many surveys on public acceptance to CO2 geological storage have been conducted. Those took the form of focus-
group research and a face-to-face survey in order to investigate public perceptions of carbon capture and storage 
(CCS).  Others have conducted questionnaire survey related to public perceptions of CCS e.g. [4]. Early successes 
or failures in CCS will likely have important implications for public perceptions and hence over the next few years, 
the public will likely begin to form opinions about CCS [5]. Even if a feasible cost strategy, government 
involvement and sound technology were all in place, the public also needs to be in support for this to work or else 
all attempts to get the technology of the ground will meet resistance [6]. 
 
2. Survey Methodology 
 
Trinidad and Tobago (T&T) are the southernmost islands of the Caribbean, located just off the cost of Venezuela. 
The economy of this twin-island republic is heavily based on oil and gas. The current gross domestic product (GDP) 
as a function of purchasing power parity (PPP) was registered as 23,757 US million in 2008 and of this more than 
46% emanated from the petroleum sector [7]. The islands occupy 5128 square kilometres and are populated by an 
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estimated 1, 3000,000 persons [7]. The major partner in the republic, Trinidad accounts not only for the majority of 
this population (greater than 95%) but also for all proven oil and gas reservoirs, production and possible storage 
sinks. As such the survey was conducted on this island only. The island is divided into eight (8) counties or parishes, 
St George, St David, St Andrew, Nariva, Caroni, Victoria, Mayaro and St Patrick. This division was utilized in the 
survey and as such the investigation was executed to ensure that data were gathered across all counties in 
accordance with the relative population levels. These population levels in the relevant counties are shown below [7]. 
St George  576,180  (45%) 
St David & St Andrew  63,580  (5%) 
Nariva and Mayaro  36,500 (3%) 
Victoria   276,980  (22%) 
St Patrick   154100  (12%) 
Caroni  177,100  (13%) 
 
In the months of April and May 2010, a survey was conducted on the public acceptance in T&T towards adopting 
geological CCS as a means of carbon dioxide emission mitigation. Two thousand five hundred (2500) persons 
across all counties were surveyed in the same percentage ratio as listed above. Useful responses were obtained from 
two thousand, two hundred and seventy four (2274). The relative distribution of these responses can be seen below: 
St George 1021 
St David and St Andrew  110 
Nariva and Mayaro 65 
Victoria            500 
St Patrick           276 
Caroni            302 
 
This method of proportional representation was adopted to ensure that everyone in Trinidad had an equal chance 
of being surveyed. The survey itself was designed, executed and analysed by the paper authors. The authors visited 
strategic locations within the respective areas and administered the questionnaires to willing participants. Such 
locations included: 
 
• Public places such as libraries, hospitals, supermarkets, schools and bus/taxi stands 
• Private dwelling houses 
 
The survey included seventeen questions plus an additional three demographic questions. Participants were first 
briefly informed about geological CCS through a preamble in the questionnaire. The participants were then asked to 
respond to the various questions that followed. One integral question administered was if the participants had any 
previous knowledge of the geological CCS.  The response to this question was then used to provide the “first 
coding” of the responses as data were analysed along these two major streams. The method of analysis follows.  
 
3. Method of Analysis 
 
The questions were collected and “coded” into two main categories, those with prior knowledge of geological CCS 
and those without. These two categories were then further “coded” into sub-categories based on their respective 
levels of education. The collected data was then tallied and recorded into summary sheets and analysed. Wherever 
applicable, pie charts and bar graphs were formulated so that data trends were easier to identify. The responses of 
participants were analyzed to formulate the country’s perception under three main issues:  
• Safety and potential risks associated with geological CCS,  
• Legal and environmental, and 
• Economic. 
 
All three issues are reported. The responses are reported firstly from an overall perspective. Responses for the 
separated factions (based on previous knowledge) are then presented and discussed.  
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4. Results and Discussion: 
 
Of the sample surveyed (2274 persons), about 11% claimed to have previous knowledge of geological CCS. The 
educational background of this sample is shown in Figure 1. It is interesting to note that generally speaking the 
more educated a participant was the greater the chances that he/she knew about the technology. For instance, of the 
11% that claimed to have prior knowledge of the technology, 42% of those were educated up to the undergraduate 
and/or graduate level. Of the remaining 89% that demonstrated no prior knowledge, only 21% were educated up to 
this same level.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
Figure 1: Educational background of all participants 
 
The overall response of the sample under the analysis framework follows below. 
 
Safety and Potential Risks 
 
Figure 2 shows the results generated when participants were asked to comment towards the safety of the 
technology. A “normal” distribution seems to prevail with a large amount of participants (33%) being uncertain. 
Near equal amounts thought it was on the dangerous side (about 25% responding either very dangerous, dangerous 
or slightly dangerous) compared to those who responded in favor of it being on the safe side (about 28% responding 
either very safe, safe or slightly safe). It is interesting to note that generally more participants thought the technology 
was very safe (13%) than very dangerous (5%), this providing the only significant deviation from a conventional 
normal distribution. The analysis after the participants are “coded” based on prior knowledge raises an interesting 
point. More participants in the prior knowledge category felt the technology was either very safe, safe or slightly 
safe (25%)  than those who felt it was either very dangerous, dangerous or slightly dangerous (19%). When this is 
compared to set without prior knowledge of the technology the same general trend is noted, with more participants 
responding favorably towards safety of the technology (29%) then against it (25%).  
 
When participants were asked if they thought the various risks associated with geological CCS were known to 
science, more of them responded favorably that it was known (39%) than unknown (28%). A large number of them 
remained uncertain or offered no response (33%). When this analysis was done after the first level of “coding” 
(based on prior knowledge), the same general trend was observed in both groups as in the overall sample.   
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Figure 2: Perception of participants towards the safety of geological CCS 
 
When the participants were asked “to what extent they were worried about potential leakage of CO2 from 
reservoirs” more participants responded to this question then any other in the survey. This reinforced the importance 
of potential CO2 leakage as one of the main risk associated with the technology. Dominantly more participants were 
concerned (90%) than unconcerned (8%). Of those that were concerned, a greater proportion was slightly concerned 
(57%) when compared with those who were seriously concerned (43%). Participants were equally concerned over 
leakage due to earthquakes (89%) and gradual leakage over thousands of years (88%).  
 
When this concern was addressed based on prior knowledge of the technology, once again no large variations in 
the answers between the two groups were realized. 84% of the participants with prior knowledge were concerned 
about leakage, while amongst those without prior knowledge 90% were concerned.   
 
Legal and Environmental Issues 
 
On examining the response by all participants when asked about whether they thought geological CCS interferes 
with nature’s law, it was found that slightly more participants answered yes (57%) as opposed to no (41%), with a 
small percentage not responding (2%). Very interestingly when this question was analyses after prior knowledge 
coding, the percentages of participants saying yes remained the same for the faction without prior knowledge of the 
technology but increased to 65% among those participants with prior knowledge. Unlike all the other cases 
examined before where prior knowledge of the technology had little or no impact on the responses with respect to 
safety issues, in this case prior knowledge seemed to entice the participants towards thinking that geological CCS 
would interfere with nature’s laws. 
 
When participants were asked how concerned they were about potential adverse impacts on the ground 
environment, they generally responded concerned (87%) as opposed to unconcerned (12%). Of the 87% that was 
concerned, slightly more than half (53%) were very concerned and the rest was slightly concerned. When this same 
question was analysed after coding very little variation in the result was noted. The percentage that was not 
concerned increased slightly amongst those with prior knowledge from 12% to 14%. 
 
Participants were also asked the direct questions as to whether the technology should not be pursued based on 
environmental protection. Figure 3 illustrates the overall perspective of participants. It can be seen that from an 
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Figure 3: General response as to whethe
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On the issue of legal and environmental issues, a greater majority of the participants felt that geological CCS is 
against nature’s law (57%), can have potential adverse impacts on the environment (87%) and should not be pursued 
from an environmental protection viewpoint (37% versus 26%). 
 
Economically, participants were reluctant towards paying for CCS from their pockets and more in favour of it 
being funded by either the government or oil and gas companies. If they were faced in a situation when funding had 
to come from them (by virtue of an increase in monthly electricity bills), more participants were against an increase 
of 30 TT dollars or more (66%) than for it. 
 
It is also very interesting to note that when the results of both factions (those having prior knowledge of the 
technology and those without) were compared the results were quite similar. This is very startling since it is normal 
to expect that participants with prior knowledge of the technology would respond differently than participants 
without prior knowledge. It is possible that participants claiming to have prior knowledge of the technology did not 
really have noteworthy prior knowledge of the technology in the context of the questions asked. Perhaps they just 
knew about the technology but not so much about the different issues incorporated with it and as such both factions 
were on equal footing after the preamble. The preamble just served to bring the non-prior knowledge participants 
“up to speed” with the prior knowledge participants. 
 
It is also worth mentioning that a large number of participants remained either uncertain or did not respond to 
questions (as high as 40% in some instances). This large percentage of uncertainty occurred in both factions 
(whether the participants had prior knowledge of the technology or not) and it perhaps reinforces the position that 
participants declaring prior knowledge of the technology did not have the depth of knowledge required to come to a 
decision on some issues. It is therefore necessary to “educate the public more” about geological CCS before a more 
affirmative position can be adopted with respect to the technology and associated issues. In addition, any program to 
increase awareness of CCS should not assume that the public is aware of the effect of older, better-established 
technologies on climate change 
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